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Background -
 

QuesTek Innovations LLC

• 16 engineers, 9 with PhDs; founded 1997
• Rapidly designing, developing, qualifying and inserting new 

materials using computational methods on integrated basis
• Creates IP; licenses to OEMs or alloy producers/processors
• 4 alloys licensed:  Ferrium® M54™, C61™, C64™ and S53®

• Working with many colleagues in industry and academia
• ~10 major new alloys in development
• 30+ patents awarded or pending worldwide
• Serving industry and government
• Recipient of many business and 

technology awards
• Expanding our staff
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Accelerating the Materials Development Cycle

Materials by Design TM 

Concept 

--------------------, 

Specify 
Processing 

Full Scale 
Heat 

AIM Methodologies 
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Process-Structure Modeling
Computational Materials Dynamics (CMDTM) 

Fundamental Parameters Microstructural Dynamics Models 
Macro 

Process Models 
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A First Example of Materials Design for Corrosion
Accidents by Aircraft System

Commercial Jet Transport Aircraft
1958-1993
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Occurences
Source:  FLIGHT SAFETY FOUNDATION-FLIGHT SAFETY DIGEST-DECEMBER 1994

Windows
Air Conditioning
Autoflight
Electrical Power
Navigation
Engine Exhaust
Stabilizer
Doors
Fuel system
Nacelles/Pylons
Power Plant
Equip/Furnishings
Structures
Hydraulic Power
Flight Controls
Wings
Fuselage
Engine
Landing Gear

SCC failures

HE failures

Issues:
Over $200 million spent in LG per year

80% corrosion related
SCC failures
Cad plating used to protect current steel 
known carcinogen (Hill AFB ~ 2000 lbs/yr)

Benefits:
Dramatic reduction in LG cost (60%)

savings of $120 million per year
Significant reduction in SCC failures
Cadmium plating not required
General corrosion mitigated
80% of Steel Condemnations Avoided
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Design Models Founded on Scientific Understanding but 
Implemented for Optimization

Chris Kantner - “Quantum Steel”
PhD thesis Northwestern, 2001

Carelyn Campbell - 
“Systems Design 
of Stainless 
Bearing Steel”
PhD thesis
Northwestern,
1996

Charlie Kuehmann - “Thermal Processing 
Optimization of Nickel-Cobalt Ultra High- 
Strength Steels”
PhD thesis Northwestern, 1994
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Corrosion modeling
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Pourbaix diagrams

Design a steel with a wide, 
robust spinel window

ASTM B117 pH ≈

 

6.5-7.2

Diagrams not very sensitive to 
composition

Revised oxide TDB

On the “oxide formation”

 

side 
of things

Equilibrium

Design a steel with a wide, robust spinel window

This line represents 
OCP—the point at 

which a passive file 
just begins to form
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Exposure tests at QuesTek (left) and Kure beach (center, right)

Characterization of corrosion pits
Corrosion fatigue testing

S53 Corrosion Behavior
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A Corrosion Modeling Architecture
I Input 

I Existing model 

I Model to be developed 

I Model output 

First principles models 
• Oxidenon­

stoichiometry 
• Transport phenomena 

within oxide (e.g., 
oxide-vacancy 
interactions) 

r--------------------------------
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Multiscale representation of the metal/oxide system 

-- .,...,._ 
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:~ ---
Oxide dissolut ion 
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Oxide layer 
Formation 
Development or pitting sites and 
diSSOlUtiOn 

Underlying microstructure and 
nanos tructure 

SOlidification microstructure 
Inclusions (sulfides, oxides, 
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Austenite (retained, 
precipitated, etc.) 
Martensitic lath structure 
Carbides 

Nanoscale ~----' 
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Other strengthening precipitates 
Nanoscale bee Cr 

Base metal 
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Oxide formation (PDM framework, left;)

Oxide dissolution (PDM framework)

Oxide formation Calculated Pourbaix diagrams

Figures from D.D. Macdonald, Pure and Applied Chemistry, 71(6), 
1999

Cation condensation Oxide dissolution and 
rupture

Oxide formation and dissolution
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Quantum Mechanics Insights into SCC resistance

3.5 -E 
0 3.0 
~ 

<1S 

> 2.5 

CDt 2.0 '-"' 
~ c 
Cl> 1.5 
E 
CD 1.0 
+J ·--'- 0.5 ..0 
E 
UJ 0.0 
'+-
0 -0.5 
~ 
0 
c -1 .. 0 
2 
0 -1 .5 
CL 

-2.0 

H/Fe: Eb • Es = + 0.33 eV 

Cs 
Rb 
K · 

~·Ba Sr 

::~ \ H ~ 
YCd 

./ 
G B FS 

A~~Zn " Be• 

'f_ Ni?.Au SeA. 
'\ 

. At-v Rh 
Ru • Zr Ja Mo Tc _,. 

• • • pt 

• lr 
Nb w • Os 

• Re 

lA IIA lilA IVA VA VIA VIlA VIllA VIllA VIllA 18 liB 

Alloying Additions in Fe Sigma 3 

Tl 
Pb 

• 

AI 

1118 IVB 

[+Jue:sle: .-c" 
I NNOVATI ONS LLC 

Materials By Design® 



•p. 15
Materials By Design®

Corrosion Resistant Naval Alloys:
Innovative Multi-Scale Computational Modeling and Simulation Tools

Phase I Program Review, 10 March 2010 
QuesTek Proprietary Information—SBIR data rights 

Example:  Lower Cost Designs for Optimal SCC Resistance

• Ferrium M54
• Navy SBIR program

• Navy SBIR topic N07-032, “Computational Design of Advanced Alloys for 
USN Landing Gear.” Currently in Phase II (contract N68335-08-C-0288). 
TPOCs Amy Little and Michael Leap.

• Phase I: 2007-2008
• Phase II Base: 2008-2010
• Full-scale production, demonstration of 1% minimum properties, patented 

composition with commercial licensee
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Composition 
and heat 
treatment

Existing model

Model output

Input

QuesTek’s 
CMD

Existing QuesTek models
• Phase stability, 

precipitation kinetics
• Strength

Underlying nanostructure and 
microstructure
• FCC matrix
• Strengthening precipitates
• Dispersoids
• Constituents

New alloy design

Model developed in 
program

Electrochemical difference 
between matrix and 
precipitates

a.

 

Corrosion Potential of 
matrix (composition 

dependant)
b.

 

Corrosion potential of 
intermetallics 

(composition dependant)

Schematic of an electrochemical framework
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QuesTek “OCP”

 

designs utilizing implemented models

Light blue: OCP difference (in V 
vs. SCE) between matrix and eta in 
T7 condition
Green (dark blue in (c)): Phase-

 
fraction eta in T7 condition
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Simulated solidification curves and experimental micrographs 
for alloy 7075 and QuesTek alloy Al-1B

White: 
Undissolved S- 
phase/eta
Black: Al7 Cu2 Fe

Fully dissolve soluble solidification constituents by selecting optimal 
solidification behavior and optimal homogenization treatment
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Design Research Tools 
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3D Tomography-Assisted Mechanistic Fatigue Modeling and Life Prediction for DMHT Aeroturbine Disks
Topic#: AF083-077; Contract#: FA8650-09-M-5216 20

MSC Fatigue Modeling Approach

ABAQUS cyclic 
loading simulations

Microstructure:
•partially debonded 
NMP (Al2 O3 ), intact 
NMP (Al2 O3 ), or pore; 
distances to free 
surface, size 
extremes (from *)
•mesh — grain size, 
orientation

Test Conditions 
(from *):
•σ=1100 or 1200MPa
•T=650°C
•R=0.05

IN100 crystal 
plasticity UMAT 

developed by GIT 
under DARPA AIM

* S. Jha, M. Caton, and J. Larsen,  Superalloys 2008, p.565

FEM Model:
•(500μm)3 box
•one embedded anomaly 
•one free surface
•loading or displacement 
control along z-axis

Input to 
Microstructure-

 
Sensitive 
Fatigue Life 
Prediction



3D Tomography-Assisted Mechanistic Fatigue Modeling and Life Prediction for DMHT Aeroturbine Disks
Topic#: AF083-077; Contract#: FA8650-09-M-5216 21

Fatigue Modeling Accomplishments
• Demonstrated feasibility of microstructure-sensitive 

fatigue simulation and fatigue life prediction  

Surface 

 

PD NMP
Subsurface 

 

PD NMP

Surface 

 

Pore

Surface 

 

Pore
Subsurface 

 

Pore

Subsurface 

 

Pore

∞

Surface or 

 

Subsurface 

 

Intact NMP
Experimental data from S. Jha, M. Caton, 
and J. Larsen,  Superalloys 2008, p.565

ABAQUS

Microstructur

 

e

Test 
Conditions

IN100 crystal 
plasticity 

UMAT

Fatigue life prediction
•Correct ranking of 
microstructure effects
•Good estimate of fatigue life

• Synthesized fractographic and 
metallograhic data for NMP/pores 

(a)

Reconstruction 245x165x110 (µm)3, 180 Sections

y

z

x

Shear Lip
Sample surface

Fatigue 
Fatigue Initiation

Initiation

Fracture Surface
Multip

ath 

Multip
ath 

Cracks
 Below

Cracks
 Below

• 3D Tomographic Reconstruction 
Illustrated Microstructure Features 
Around Fatigue Initiation Site

( )R
dR
dNv(c)

(b)

• Developed approaches to incorporate 
dwell effects in transition zone
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Material Qualification
• SAE – Aerospace Materials Specification (AMS)

– This is the material procurement document
– Data: 3 heats, 30 tensile, 30 fracture toughness

• Analysis/approval by Battelle Memorial
– Document: draft an AMS document

• Approval by AMS subcommittee
• Approval by AMS – Aerospace Council

• Metallic Material Properties Development and 
Standardization (MMPDS)
– This is the design allowables document
– Data: 10 heats, 100 tensile, 30 fracture toughness, 20 

compression, 20 shear, 20 pin bearing (e/D = 1.5, 2.0), 
physical properties, etc..

• Analysis by Battelle Memorial
• Approval by MMPDS committee and FAA
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Accelerating the Qualification Cycle
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AIM Application Example: Ferrium S53®

Full Data 
Development

Data generated for 3 melts/Simulations for 10
• Predicted A-basis minimum = 280 ksi UTS

Data generation for 10 melts 
• A-basis minimum: 280 ksi UTS

• AIM has demonstrated reliable predictions for design minimums
• Allows designers to consider alloys prior to full design allowable 

development
• Reduce costs and risks for material design and development
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Flying Cybersteels

• S53 Field service evaluation (approved August, 
2010)
– 6 to 24 months in test to determine preventative 

maintenance cycles
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KC-135

Experience lets us expand to new platforms …

C-5

F-16

T-38
A-10

Original Demonstrations New Platforms
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… and to new applications

UH-60

Capability extensions such as new surface hardening 
processes allow us to explore applications where life is 
limited by wear…

RGAs: Wing Folds/Leading Edge Flaps
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The next frontier…
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Using ICME to Significantly Improve Equipment 
Performance, Affordability and EHS
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Thank You

Questions?

Charlie Kuehmann
(847) 425-8222

ckuehmann@questek.com

http://www.questek.com
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